The problem studied here is how totally blind adults perceive vertical, horizontal, ϩ45º oblique, and ϩ135º oblique orientations of a rod in the haptic (tactualkinesthetic) modality. We were interested in examining this spatial property because previous research had shown that the modes of coding orientation may differ according to the perceptual modality. In vision, the vertical and horizontal orientations are always coded more accurately than the oblique orientations. This anisotropy, which Appelle (1972) called the oblique effect, has been found in a wide variety of perceptual tasks (
whether the same variations would be observed in completely blind adults.
The presence of an oblique effect reveals a spatial coding relative to a frame, because obliques are obliques only through reference to some spatial frame. Classically, a distinction was made between an egocentric frame (with reference to the subject's body) and an allocentric frame (with reference to external cues). Both frames are available in touch and in vision (Hermelin & O'Connor, 1971; Rieser & Pick, 1976) . Paillard (1991; see Berthoz, 1991) further proposed that the egocentric and allocentric frames depend on a geocentric frame based on the direction of gravity and defining a Cartesian coordinate system with vertical and horizontal coordinate axes. In the frontal plane, coding of the vertical and horizontal orientations requires processing only one of the coordinate axes. Oblique orientations require a coding taking into account both axes (Cecala & Garner, 1986; Lasaga & Garner, 1983) and integrating the parameters computed on each one. The difference between these two modes of coding would largely explain the oblique effect.
It should be noted that the oblique effect occurs independently of the rate of global errors. This means that it may be present in relatively accurate performances as well as in poor ones, because it results from the difference between the responses to the vertical and horizontal orientations on the one hand, and the responses to the oblique ones on the other.
The interpretation of an absence of the haptic oblique effect is more difficult. On the one hand, this absence may mean that the mode of coding was spatial but that
The haptic perception of vertical, horizontal, ϩ45º oblique, and ϩ135º oblique orientations was studied in completely blind adults. The purpose was to determine whether the variations of the gravitational cues provided by the arm-hand system during scanning would affect the manifestation of the oblique effect (lower performance in oblique orientations than in vertical-horizontal ones) as they did in blindfolded sighted people (Gentaz & Hatwell, 1996) . In blindfolded sighted adults, the oblique effect was reduced or absent when the magnitude of gravitational cues was decreased. If visual experience participated in the haptic oblique effect, we should observe no oblique effect in early blind subjects in the conditions of manual exploration where late blind and blindfolded sighted manifest this effect. The magnitude of gravitational cues was therefore varied by changing gravity constraints, whereas the variability of these cues was varied by changing the plane in which the task was performed: horizontal (low variability) and frontal (high variability). Early and late blind adults were asked to explore haptically a rod and then to reproduce its orientation ipsilaterally in one of two exploratory conditions in each plane. In the horizontal plane, the oblique effect was absent, whatever the gravity constraints, in both groups (early and late blind subjects). In the frontal plane, the oblique effect was present, whatever the gravity constraints, in both groups. Taken together, these results showed that, in blind people, the variability of gravitational cues played a role in the haptic oblique effect; no effect of previous visual experience was observed.
the available cues were too poor to generate a difference between vertical and horizontal settings in comparison with oblique ones. On the other hand, the ϩ45º and ϩ135º obliques may be other dominant orientations (Stivalet, Marendaz, Barraclough, & Mourareau, 1995; Yakimoff, Lánský, Mitrani, & Radil, 1989) , acting themselves as coordinate axes. Finally, the absence of the oblique effect may also result from movement coding (e.g., coding the parameters of joint angles during scanning). As stated earlier, an oblique needs to be specified relative to both vertical and horizontal axes, and these coordinated reference axes are more difficult to process if orientations are coded in terms of sequentially organized movements (for a review, see Millar, 1994) . It is noteworthy that movement coding was also observed in prior research on the haptic perception of distance (Lederman, Klatzky, & Barber, 1985) and on the accuracy of spatial pointing toward proprioceptive targets (Rossetti, Gaunet, & Thinus-Blanc, 1996; Rossetti & Régnier, 1995) .
Let us summarize the empirical data available on the haptic perception of orientation of blindfolded sighted people. A haptic oblique effect was found by Lechelt, Eliuk, and Tanne (1976) and Lechelt and Verenka (1980) . According to Lechelt et al. (1976; Lechelt & Verenka, 1980) , these results revealed the importance of experiential and learning factors: because verticals and horizontals are privileged in our "carpentered" environment, the same oblique effect is at work in vision and haptics. But Appelle and Countryman (1986) questioned this interpretation. They argued that the haptic oblique effect demonstrated by Lechelt et al. (1976; Lechelt & Verenka, 1980) stemmed from the inherently different scanning patterns required in the exploration of obliques when one hand explored the standard and the other hand set the response rod ("contralateral condition"), as was the case in Lechelt's experiments. This assumption was supported by the fact that Appelle and Countryman found no haptic oblique effect in an "ipsilateral condition" in which the same hand explored and set the standard and response rod.
However, these studies did not control the plane in which the task was performed. Gentaz and Hatwell (1995) asked blindfolded subjects to reproduce the orientation of a rod, in the ipsilateral and contralateral conditions, either in the horizontal plane (like the surface of a table, as in Appelle & Countryman, 1986) , or in the frontal plane (like the surface of a blackboard on a wall, as in Lechelt et al., 1976, and Lechelt & Verenka, 1980) , or in the sagittal plane (in the median plane passing through the midline of the subject's head). In the latter plane, the same patterns of agonist /antagonist muscles and tendons are activated when one hand explores the vertical, horizontal, and oblique rods and the other hand reproduces these orientations. By contrast, in the horizontal and frontal planes, different patterns of agonist /antagonist muscles and tendons are activated when one hand explores an oblique and the other hand reproduces this oblique. However, the haptic oblique effect was present in this sagittal plane, even when the same hand explored and set the response rod (Gentaz & Hatwell, 1995) . Therefore, these results did not support Appelle and Countryman's interpretation.
Recently, Gentaz and Hatwell (1996b) showed that the gravitational cues provided by the antigravitational forces developed by the scanning arm-hand system were involved in the haptic oblique effect, because these cues specify one axis of reference, the gravity direction. Gravitational cues are indirect cues taken from the proprioceptive information contained in the pattern of tissue deformations (skin mechanoreceptors, joints, and muscles). These deformations depend on the specific muscular forces necessary to maintain and move the arm-hand system under gravity environment (G) during perceptual exploration (Gentaz & Hatwell, 1996b ; for possible physiological explanations, see Dietz, 1994) . The magnitude of these gravitational cues varies according to the plane in which the task is performed. In the frontal and sagittal planes, antigravitational forces are not the same in the different directions of exploration: The bottom-up direction requires high muscular antigravitational forces, whereas the reverse direction requires lower muscular effort. By contrast, in the horizontal plane, the variability of antigravitational forces (and therefore of the gravitational cues that they generate) is minimal: Because the subject's movements are performed in front of the subject in a direction perpendicular to gravity, they require constant antigravitational forces. Gentaz and Hatwell (1996b) modified gravity constraints by testing blindfolded adults, in the horizontal plane, either with the forearm resting on the disk surface supporting the rod ("supported forearm" condition), which was similar to the condition tested by Appelle and Countryman (1986) and Gentaz and Hatwell (1995) , or with the forearm unsupported in the air. In the latter case, greater antigravitational forces were elicited during scanning. The oblique effect was present in the "unsupported forearm" condition and absent in the "supported forearm" condition. Another experiment tested the three planes, either in a "natural" ("unsupported forearm") condition or in a "lightened forearm" condition in which the gravitational cues were reduced by lightening the subject's forearm (through a device consisting of a set of weights and pulleys). The magnitude of the oblique effect was lower in the "lightened" condition than in the "natural" one, and there was no effect of the plane.
The aim of the present research was to extend these experiments to completely blind subjects. In blindfolded sighted subjects, haptic spatial functioning is systematically influenced by visual representations because of the dominant function of vision in human spatial processing (for reviews, see Hatwell, 1978 Hatwell, , 1985 Hatwell, , 1990 Hatwell, , 1994 Heller & Schiff, 1991; Millar, 1994) . Visual recoding of haptic spatial information has been demonstrated in shape recognition and reconstruction (Worchel, 1951) , in spatial localization (Pick, 1974) , in the vertical-horizontal illusion (Heller, 1991; Heller & Joyner, 1993) , in the hap-tic judgment of orientation (Appelle & Countryman, 1986; Appelle & Gravetter, 1985) , in tactual picture identification , and in the production of drawings of objects at a slant . Therefore, the comparison of the haptic oblique effect in early blind, late blind, and blindfolded sighted people should allow an evaluation of the role of visual experience in its manifestation. In the two latter populations, the haptic modality has been or is coordinated with the visual modality, whereas in the former one, it is not. On the other hand, because blind people are highly trained in haptics, they may rely on specific haptic perceptual cues modifying the relative difficulty of the different orientations tested. This means that two factors act in different directions: Visual representations and visual recoding may induce similar patterns of results in blindfolded sighted and late blind people, whereas intensive training in haptics may induce different patterns of results in early blind people.
The available data on the effect of visual experience on the haptic spatial abilities of the blind concern mainly global performances and are not consistent. Some researchers have found poorer spatial performances in early blind subjects, whereas others have found no difference between early blind, late blind, and blindfolded sighted subjects. A main factor explaining these results seems to be the nature of the spatial task (for recent reviews, see Klatzky, Golledge, Loomis, Cicinelli, & Pellegrino, 1995; Thinus-Blanc & Gaunet, 1997) . Generally, the performances of early blind subjects are inferior to those of late blind subjects in locomotor and tabletop tasks that require mental reorganization of spatial information, such as shape construction problems, mental rotation, and spatial inferences. By contrast, there is no difference between early blind and late blind subjects in the tabletop tasks involving simple reproduction of previously acquired spatial information, such as recognition tasks.
As stated earlier, the oblique effect does not concern global performances (high or low accuracy of judgments on orientation) but rather the difference between responses as a function of the orientations tested: verticalhorizontal versus oblique ones. In the blind, the only research studying this oblique effect in the perception of the orientation of a line was done by Lechelt (1988) , who observed in the passive tactile modality an oblique effect in 5 totally blind adults tested with an electrotactile cutaneous stimulation (obtained via the Optacon apparatus, which is a reading aid for the blind). However, only 2 subjects were blind from birth. Other experiments studied the effect of orientation on tactual pattern recognition-for example, on passive identification of individual numerals or number sequences printed on the palm or active identification of standard letters printed in braille. They showed that orientation had a general effect on the recognition of these tactual patterns. Performances were lower on tilted patterns, and there was an interaction between this effect and visual status (Heller, 1987 (Heller, , 1989 (Heller, , 1992 ; for a review, see Millar, 1994) . Thus, Heller (1989) showed that early blind subjects were strongly influenced by orientation, with poorer performance on these rotated patterns, whereas the performance of sighted and late blind subjects was not altered. In addition, Heller (1992) showed that the effect of tilt on braille identification for both early and late blind subjects was significant, although this effect was lower than in the blindfolded sighted subjects.
When active touch was used in these studies, however, the subjects performed only finger movements to explore the small patterns used as stimuli (e.g., braille). Therefore, the arm-hand system was not activated as it was in the experiments reported above in which the haptic oblique effect was studied in blindfolded sighted subjects scanning large bars. Contrary to finger movements, shoulder and arm movements are highly constrained by the gravity environment (Martinez, 1971; Paillard, 1991) .
In the present research, we therefore tested a group of early blind and a group of late blind subjects with a device allowing the measurement of the haptic oblique effect under changed gravity constraints. We reproduced the experimental conditions reported by Gentaz and Hatwell (1996b) , in which the magnitude and the variability of the gravitational cues provided during the scanning of a large bar (25 cm) were varied. The magnitude was manipulated by varying gravity constraints, either natural or reduced, and changes in the variability of these cues were obtained by having the task performed in two planes: horizontal (low variability) or frontal (high variability). Our aim was to determine whether the pattern of results observed in the blind would be different from the pattern found by Gentaz and Hatwell (1996b) in blindfolded sighted people. Visual spatial representations may act on the haptic coding of the vertical orientation because the somesthetic gravitational cues have been correlated with the visual cues indicating verticality (such as the walls of the room, etc.). However, if Klatzky et al.'s (1995) and Thinus-Blanc and Gaunet's (1997) proposition concerning the role of task was valid, one should observe no difference between early and late blind subjects, because the task in the present research involved a single reproduction of previously acquired information.
We asked early and late blind adults to explore haptically a rod and then to reproduce its orientation ipsilaterally. There were two tasks in which gravity constraints were varied in addition to a variation of the plane in which the task was performed. In Task A, the rod was presented in the horizontal plane and the distance between this rod and the metal disk on which it was fixed was either 0 cm (supported forearm condition) or 8 cm (unsupported forearm condition). In the supported forearm condition, the magnitude of gravitational cues was minimal and stemmed only from the reaction forces of the disk. By contrast, in the unsupported forearm condition, antigravitational forces were necessarily elicited when subjects explored the rod. In Task B, the rod was presented in the frontal plane and it was 8 cm distant from the metal disk. The gravitational cues were either natural or reduced by lightening the subject's forearm through a device consisting of a set of weights and pulleys.
The question was whether this blind population would manifest the same patterns of results as those observed by Gentaz and Hatwell (1996b) in blindfolded sighted adults. In the latter population, the haptic oblique effect was absent in the supported forearm condition of Task A (horizontal plane), whereas it was present in the unsupported forearm condition of this task. In Task B (frontal plane), the oblique effect was present in both forearm conditions, but its magnitude was reduced when fewer gravitational cues were available in the lightened forearm condition. If visual experience was not involved in these results, early and late blind adults would manifest the same pattern of results as would these blindfolded sighted adults. By contrast, if this pattern and, more generally, the haptic oblique effect was in some way dependent on visual experience, no oblique effect (in either task or condition) should be observed in the early blind subjects, whereas this effect would be present in the late blind subjects in the same tasks and the same conditions as those for blindfolded sighted ones.
METHOD Subjects
The subjects were 12 early blind adults and 12 late blind adults recruited at Industries of the Blind workshops in the communities of Lyon and Grenoble. All blind subjects had attended some college. Their ages ranged from 24 to 56 years. None of the subjects having light perception could discriminate shape or hand movements. The early blind subjects were blind at birth (or when removed from incubators, in the case of the retrolental fibroplasia subjects). Blindness had begun in the late blind subjects after the age of 4 years (mean age of loss of sight, 16.4). Table 1 shows the characteristics of these blind subjects.
Apparatus
The apparatus was composed of a black metal disk (diameter 40 cm) equipped with a rod (25 ϫ 1.8 cm). This rod was mounted above the center of the disk and could be rotated 360º around its central axis. Magnets were fixed inside the rod to maintain it in the desired orientation and to prevent involuntary deviation from its position during haptic scanning. The rod was connected with a potentiometer which indicated (in degrees) to what extent its orientation deviated from the vertical. To test the two planes of space, the disk and rod could be positioned either in the horizontal plane (like the surface of a table), or in the frontal plane (like the surface of a blackboard). The two planes were orthogonal.
Task A was performed in the horizontal plane. In it, the rod could be fixed either directly in contact with the disk surface supporting it ( Figure 1A) , or parallel to the disk surface at 8 cm from it (Figure 1B) . The vertical orientation was arbitrarily defined as aligned with the subjects' midsagittal plane. The disk was centered on the subject's body midline. The subjects sat in the front midline of the apparatus and were asked to maintain their trunk fixed upright.
Task B was performed in the frontal plane. In it, the apparatus had the rod 8 cm distant from the disk surface. The lightening mechanism was composed of a strap tied up to the subject's forearm. This strap was connected with a weight suspended by a cable and sliding through two fixed pulleys (Figure 2 ).
Experimental Conditions and Procedure
The subject was taken individually into a quiet room. In both tasks, the subject was asked to scan haptically with one hand (i.e., to move actively the arm-hand-digit system) on the oriented standard rod and to reproduce the same orientation with the same hand after a 5-sec delay. A 5-sec delay was introduced to replicate Gentaz and Hatwell's (1995 Hatwell's ( , 1996b procedures. Because the same rod was alternately the standard and the response rod, this delay was also used by the experimenter to modify the orientation of the rod between the presentation and the response phases. The initial orientation of the response rod was approximately 80º more or less than the standard orientation tested during the trial and was determined at random by the experimenter at the right or the left of the standard orientation. During the delay, the subject was asked to move her/his hand off the device and to maintain it in contact with her/his abdomen.
The subjects haptically explored the standard with one hand over its full length. After the delay, using the same hand, they set the response rod. Each subject performed both Task A (horizontal plane) and Task B (frontal plane). The order of presentation of these tasks was counterbalanced across subjects.
In Task A (horizontal plane), each subject was tested under one of two exploratory conditions. In the first, or supported forearm, condition, the rod was in direct contact with the disk surface. The subject was instructed to maintain his/her wrist and forearm resting in physical contact with the disk support during the whole trial. In a familiarization phase, the arm-hand system was first guided by Note-All blind subjects had attended some college. LP, light perception. Mean age of early blind subjects, 35.3 years; mean age of late blind subjects, 40.8 years; mean age of loss of vision of the late blind subjects, 16.4 years.
the experimenter and the subject was trained to explore actively under these instructions. In the second, or unsupported forearm, condition, the subjects explored a rod 8 cm distant from the disk surface and parallel to it. In Task B (frontal plane), each subject was tested under one of two forearm conditions. In the natural condition, the subjects were not connected to the lightening device and they explored the rod naturally. This condition was similar to the unsupported forearm condition used in Task A in the horizontal plane. In the lightened forearm condition, the subjects were connected to the pulleys and they explored the rod with their forearm lightened. In order to find the appropriate weight for each subject, the experimenter tested different weights (in ascending and descending series, by steps of 10 g of sand) and asked the subject to indicate the weight "with which his/her arm did not feel any pressure pulling it upward or downward" when the forearm was at the level of the center of the disk (Figure 2 ). This weight was selected as the most appropriate to unweight the subject's arm. Of course, these appropriate weights depended on the subject's body characteristics (size and weight). The mean selected weight was 780 g (range, 750-850 g).
In addition, the experimental design was planned so that each subject was tested once with natural gravitational cues (unsupported forearm condition of Task A or natural condition of Task B) and once with reduced gravitational cues (supported forearm condition of Task A or lightened forearm condition of Task B), in a counterbalanced order. Finally, for each exploratory condition, half of the subjects used their right hand and the other half used their left hand.
Four orientations were tested in each task: 0º (vertical aligned with the subject's midsagittal plane in the horizontal plane and with the gravitational axis in the frontal plane), ϩ45º (left-slanting oblique in relation to the subject's view), ϩ90º (horizontal, perpendicular to the subject's sagittal plane), and ϩ135º (right-slanting oblique in relation to the subject's view). Additional catch trials in other orientations (randomly selected among the following: ϩ15º, ϩ75º, ϩ105º, or ϩ165º) were interspersed with test trials in order to avoid awareness that the tested orientations were restricted to four. Each subject performed 3 trials in each of the four orientations and in each of the two tasks (planes; i.e., 24 test trials per subject). In addition, 6 catch trials were presented randomly (3 in each task). Therefore, there were 30 trials per subject. No feedback was given to the subject during the experiment, and there was no time constraint.
RESULTS
Data analyses were carried out on the angular difference (in degrees) between the positions of the standard and test rods. The mean error (signed and absolute) was then calculated for each of the four orientations for each subject.
The mean signed errors for each condition are shown in Table 2 . We considered that the four orientations moved counterclockwise across an imaginary circle (starting from the vertical orientation), and we attributed to the subject's response a positive sign if there was an overestimation (the response rod was positioned too far counterclockwise from the standard) and a negative sign if there was an underestimation. For instance, for the ϩ45º standard, a ϩ46º response was "too far" in the positive direction (overestimation), whereas a ϩ43º response was "not far enough" in the negative direction (underestimation). A preliminary analysis of variance (ANOVA) of signed errors showed that task/plane order (Task A/horizontal vs. Task B/frontal) and hand (left vs. right) had no effect and did not interact with any other factor (all ps Ͼ .25).
A 2 (visual status) ϫ 2 (task) ϫ 4 (orientation) ANOVA (with repeated measures on the two latter factors) of signed errors revealed no main effects of orientation [F(3,66) In further t tests, the mean values of each condition were compared with zero, in order to determine whether there were systematic directional errors. The results of these tests (Table 2 ) revealed no clear tendency and, except for one of them, they failed to reach significance. When the 32 conditions of this experiment were collapsed, the global mean error was positive (M ϭ 0.86, SD ϭ 7.75) and not significant [t (191) ϭ 1.53, p Ͼ .13]. This suggests that, contrary to what was observed in the blindfolded sighted subject tested by Gentaz and Hatwell (1996b) , the blind had no clear tendency to overshoot.
The mean absolute errors for each condition are shown in Table 3 . Because absolute errors have generally an asymmetrical distribution, a logarithmic transformation [log (xϩ1)] was carried out on each angular difference in order to fulfill the normality condition required for the ANOVA. Table 3 indicates the mean absolute errors before transformation (in degrees) and after their log transformation. A preliminary ANOVA of absolute errors showed that task/plane order (Task A/horizontal vs. Task B/frontal) and hand (left vs. right) had no effect and did not interact with any other factor (all ps Ͼ .25).
A 2 (visual status) ϫ 2 (task) ϫ 4 (orientation) ANOVA (with repeated measures on the two latter factors) of absolute errors in log revealed a main effect of orientation [F(3,66) 
Horizontal Plane
Another ANOVA was performed on absolute errors in log on Task A/horizontal plane only, in order to examine, in this task, the effect of forearm conditions (supported forearm vs. unsupported forearm). This 2 (visual status) ϫ 2 (forearm condition) ϫ 4 (orientation) ANOVA (with repeated measures on the last factor) revealed no main effect of orientation [F(3,60) 
Frontal Plane
A further ANOVA was performed on absolute errors in log on Task B/frontal plane only, in order to examine, in this task, the effect of forearm conditions (natural vs. Although the difference between the vertical and horizontal orientations approached significance, we collapsed these values in order to measure the oblique effect. We also collapsed the two oblique orientations. The oblique effect was significant [F(1,20) ϭ 23, p Ͻ .01]: Errors were higher in the oblique than in the vertical-horizontal orientations. Although nonsignificant, the main effect of forearm condition [F(1,20) ϭ 2.7, p ϭ .11] was in the same direction as it was in the blindfolded sighted subjects tested in Gentaz and Hatwell's (1996b) Finally, an additional ANOVA was performed on absolute errors in log with the gravitational cues as a within-group variable. On the one hand, the unsupported forearm condition of Task A and the natural condition of All the analyses reported above were focused on the oblique effect (the difference between the accuracy of the vertical-horizontal settings and of the oblique settings) in order to determine whether the same pattern of results would be observed in the blind subjects tested here and the blindfolded sighted tested by Gentaz and Hatwell (1996b) . Another question concerns the accuracy of the global performances of the two populations. Actually, the rate of global errors was higher in the blind subjects than in the blindfolded sighted subjects. But this comparison is not entirely legitimate, for two main reasons. First, the mean age was considerably higher for the blind subjects (38 years) than for the sighted subjects (20 years). Second, and more importantly, the level of education was different in the two populations. Whereas the blindfolded sighted subjects were university students, the blind subjects had attended only some college and they had then been integrated into workshops adapted for visually impaired adults. In these workshops, the blind subjects had an intense involvement in their work, but this work was generally repetitive. That is why we were interested only in the qualitative patterns of results of the blind (the haptic oblique effect) and not in the quantitative analysis of their global rate of accuracy.
DISCUSSION
In this research, we studied the role of visual experience in the haptic oblique effect in situations where the gravitational cues provided during scanning were varied. We hypothesized that if visual experience participated in the variations of this effect as a function of the availability of gravitational cues (as was the case in the blindfolded sighted subjects studied by Gentaz & Hatwell, 1996b) , the performances of late blind subjects should be similar to those of the blindfolded sighted subjects, whereas no oblique effect should be observed in early blind subjects. We tested these hypotheses by asking early and late blind subjects to reproduce vertical, horizontal, ϩ45º oblique, and ϩ135º oblique orientations in different planes (Task A/horizontal plane and Task B/ frontal plane) and in different forearm conditions of exploration: with reduced levels of G (supported forearm condition in Task A/horizontal plane and lightened forearm condition in Task B/frontal plane) or with natural level of G (unsupported forearm condition in Task A/horizontal plane and normal control condition in Task B/frontal plane).
We shall first compare the early and late blind subjects. No differences in performance were found between these two groups, whatever the experimental conditions. In addition, contrary to the assumption that the oblique effect resulted from visual representations, we observed that late blind subjects did not manifest this effect in Task A (horizontal plane) and that early blind subjects manifested it in Task B (frontal plane). These results did not reveal any effect of visual experience on the haptic oblique effect. As was reported in the introduction, the performance of early blind subjects was generally found to be the same as that of late blind subjects in tabletop tasks involving simple reproduction of previously acquired spatial information (Klatzky et al., 1995; ThinusBlanc & Gaunet, 1997) . Because the tasks studied in the present research belong to this category, the absence of difference as a function of visual status is consistent with these observations. Let us now examine the role of the plane in which the task was performed. In Task A (horizontal plane), the oblique effect was absent in the blind, whereas in Task B (frontal plane), this effect was present. It was due to a greater accuracy of the coding of the vertical-horizontal orientations than of the obliques, which did not vary according to the plane.
These results are different from those previously reported on blindfolded sighted subjects by Gentaz and Hatwell (1996b) in which the oblique effect was equally present in both planes. As stated earlier, the plane in which the task was performed modified the variability of gravitational cues. In the horizontal plane, the armhand system scanned always in a direction perpendicular to gravity, and the antigravitational forces required by scanning were therefore constant. As a result, variability was minimal. In this condition, the oblique effect was absent in blind subjects. By contrast, in the frontal plane, the antigravitational forces generated by scanning varied consistently as a function of the direction of exploration (upward or downward), and the oblique effect was present. Therefore, the variability of gravitational cues seems to be the main factor in the elicitation of the oblique effect in the blind.
Why, in the blind, would variability elicit or not elicit the oblique effect? A tentative explanation suggested by Gentaz and Hatwell (1996b) relies on the selection of the mode of coding, which may depend on the nature of the available gravitational cues. A high variability of these cues (in the frontal plane) would induce a spatial coding based on a Cartesian coordinate system and would therefore generate an oblique effect, whereas a low variability (in the horizontal plane) would induce a mode of coding based on movement and would not generate this oblique effect. The factor determining the selection of the mode of coding may rely on the cost of the processes involved in each one. The coding based on the Cartesian frame necessarily involves some spatial processing relating the inputs extracted from the currently explored region of the stimulus to the coordinate axes. These axes are very salient in the frontal plane, because of the gravitational cues specifying the gravity direction, and they are therefore easily accessible. In the horizontal plane, the vertical axis must be inferred from the gravitational vertical and projected horizontally. The coordinate axes are therefore less salient, and their spatial coding requires more cognitive effort. It may be that when our task was performed in the horizontal plane, the blind adults selected the more economic mode of coding on the basis of movement.
This assumption may be consistent with Millar's (1994) statement that the presence or absence of the oblique effect in haptics depends on the presence or absence of reference cues in the experimental conditions. It is also consistent with study. These authors presented to early blind, late blind, and blindfolded sighted subjects a multiple-choice task which required the subjects to match tangible perspective drawings to a slanted board (horizontal, Ϫ22.5º, Ϫ45º, Ϫ67.5º, and vertical) . This task required the subjects to explore the board, thereby activating the arm-hand system. The results showed that the subjects were more accurate at the horizontal and vertical orientations than they were with other slants. In addition, both groups of blind subjects performed better than the blindfolded sighted subjects when the board was vertical-that is, when the variability of gravitational cues was high.
The effect of forearm condition was not significant in either Task A or Task B, and forearm condition did not interact with other factors. This is different from what was reported for blindfolded sighted subjects by Gentaz and Hatwell (1996b) , who found that the oblique effect was absent or reduced when the gravitational cues were reduced (supported or lightened conditions) and was present when these cues were natural (unsupported and natural conditions).
Taken together, our results suggest that in both the blind subjects and the blindfolded sighted subjects the availability of gravitational cues affected the oblique effect. But although the general processing seems similar in the two populations (the oblique effect was generally due to a greater accuracy of the coding of the vertical-horizontal orientations in comparison with obliques), different parameters act according to visual status: magnitude of gravitational cues in blindfolded sighted subjects (Gentaz & Hatwell, 1996b) versus variability of these cues in the blind.
In summary, in the present study we have shown, first, that the variability of gravitational cues during scanning was involved in the oblique effect in blind people. The oblique effect was present when the variability of these cues was high (in the frontal plane), and it was absent when the variability of these cues was minimal (in the horizontal plane). Second, the results did not reveal a significant effect of visual experience on the haptic oblique effect in a reproduction task of oriented rods: There was no difference in performance between the early blind and late blind adults.
